Ocean (2-14%), and from EA to the North Pacific Ocean (4-10%) and western NA (4-6%) with 
Introduction

48
The increasing consumption of energy by human activities has largely increased the deposition of 49 nitrogen (N) over the terrestrial and marine ecosystem (Kim et al., 2011; Galloway et al., 2008;  50 Duce et al., 2008) . The impact is estimated to continue increasing in the near future (Bleeker et al., 51 Following are some brief results of the evaluation results. Modeled gas phase SO2 wet deposition 
190
In order to validate the quality of model outputs, we check the mass balance between emission and 191 deposition at global scale. The mass balance check for base case simulation is shown in Tan et al.
192
(2018), therefore we show the mass balance for perturbation experiments in this study. We
193
compare the global total amounts of changes of deposition (∆ Depo) with changes of emissions (∆ 194 Emis) for all perturbation cases (Table S1) 
Export of S and N emissions from source regions
201
This section studies the export of S and N emissions and oxidation products from source regions.
202 Table 1 shows the S-R relationship of S and N deposition among the 6 regions. The numbers are indicates the fraction of emission of source regions that is deposited locally or exported to foreign 210 regions.
211
The numbers outside of the parenthesis in Table 1 are for coastal and non-coastal regions   212 together and the numbers in the parenthesis are specifically for coastal regions (defined in Fig. 1 ).
"Others" means the other regions in the world than the 6 regions (white color in Fig.1 
Impact of hemispheric transport on deposition
263
This section investigates the impact of hemispheric transport on deposition in the receptor regions. regions is high (6-18%), the impact on the coastal regions is generally less than 6%, much lower 277 than NA's impact on its east coast (14-16%). The deposition in North Africa, central Asia and 278 western RU is affected by 2-6%. The 20% emission reduction in SA (Fig. 2(c) ) shows large 279 influence over its south-west coast and the Arabian Sea (4-12%). The SA's outflow affects the 280 deposition in southeastern ME and eastern Sub Saharan Africa by 1-4% and western EA and and <1%), due to the block of air flows by the Himalaya Mountains (Fig. S4) . The 20% emission 287 reduction in ME mainly affects the S deposition in Africa by 2-10% and western EA by 2-4%. is about 1-4% on S deposition, but is <1% on NOy deposition. ME's impact on the western Africa
297
and Gulf of Guinea is about 2-4% on S deposition, but is <1% on NOy deposition. These smaller 298 sensitivities reflect differences in lifetimes, and the lower formation of aerosol nitrate under warm 299 conditions in tropical regions. Under the NA perturbation case (Fig. 3(a) ), an 8-12% change of 300 NOy deposition is found on the west coast of California, due to high NOx emission in California 301 from mobile source, which is not seen in S deposition. The impact of emission reduction in EU
302
and EA on their coastal regions is generally 2-4% higher for NOy deposition than S deposition It should be noted that this is the result from 20% emission reduction in the source regions, 305 therefore the actual impact (100% emission reduction) could be 5 times higher when assuming a 306 linear relationship between 20% and 100% emission reduction on deposition.
307
We quantify the amount of deposition carried by hemispheric transport and study its 308 seasonality. Fig. 4 shows the monthly changes of S deposition for 20% emission reductions in and fall, which gives evidence to NA's influence on Eurasia via transatlantic flow, although this 316 amount accounts for less than 1% of local S deposition (white in Eurasia in Fig.2(a) ). as from EA to NA (2-4% out of 4-5%), from ME to SA (5-6% out of 7-11%) and from SA to EA
416
(3-4% out of 4-7%). For EU and ME, there is about 20% contribution from "OTH". Beside this,
417
RU contributes 4-5% to EU's deposition and EU contributes 5% to ME's deposition. For high compositions of S and N deposition, which together account for more than 95% of total deposition.
426
In terms of S deposition (Fig. 7(a) ), the modeled ∆ Depo by multiple models, defined as (maximum deposition. In terms of NOy deposition (Fig. 5(b) ), the differences among models range (0.003- 
